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The “electrode/electrolyte” interface is the location of electrochemical reactions, 
and its structure and property have always been the key issues in both fundamental 
research and practical application. Benefited from distinct advantages such as wide 
electrochemical window, low vapour pressure, and good conductivity,  
room-temperature ionic liquids have found wide applications in various fields 
including electrochemistry. However, the investigation of electric double layer (EDL) 
structure at “electrode/ionic liquid” interface is still in its infancy. Especially, 
polycrystalline electrodes are mostly employed in current studies leading to the 
inconsistency between experimental and theoretical results, which severely hinders 
the comprehensive understanding of this complicated interface. Whereas the 
employment of well-defined single-crystal electrodes not only helps to obtain more 
structural information of long-range order relating to the interaction of ions and 
electrodes, but also favors the correlation of experiments and theories. Therefore, it is 
essential to employ single-crystal electrodes as substrates for further investigations of 
EDL in ionic liquids. 
By utilizing in-situ STM as well as various electrochemical methods, systematic 
investigations have been carried out mainly on Au single-crystal surfaces in 
imidazolium-based ionic liquids with different lengths of alkyl side chains, which are 
broadly used especially in the filed of electrochemistry. The results demonstrate the 
influence of surface crystal structure and solution composition on the structure and 
property of EDL, especially the compact layer, and reveal the disciplinarian of 
interaction between electrode surfaces and ionic liquids thus providing experimental 
evidences for establishing a rational model of “electrode/ionic liquid” interface. The 
main results are outlined as follows: 
1. In the system of “Au(100)/[BMI][BF4]”, similar bell-shaped differential 
capacitance curves are obtained via single-frequency capacitance measurement and  
impedance measurement, respectively, which are consistent with theoretical 















characterized in the potential of double layer region by in-situ STM. It is shown that 
in the positive region of capacitance maximum BF4
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structure on electrode surface, while in the negative region of capacitance maximum 
BMI+ cations adsorb in the form of micelle-like structures, which eventually create 
perpendicularly-oriented domains on the surface. This serves as the first study that 
clearly correlates the capacitance features with the adsorption of solvent ions of ionic 
liquids on single-crystal electrode and provides proof for the theoretical prediction 
that PZC locates near the potential of capacitance maximum in ionic liquids. 
2. The influences of the length of alkyl side chains of cations on capacitance as 
well as adsorptive structure are systematically investigated in various ionic liquids 
with different cations (EMI+, PMI+, BMI+ and OMI+). Electrochemical measurements 
indicate that the length of alkyl side chains notably affects the shape of differential 
capacitance curves. Especially, in [OMI][PF6] with much longer alkyl side chain, a 
bell-shaped capacitance peak appears in more negative potential which corresponds to 
the mass disordered adsorption of OMI+ cations rather than the PZC. Besides, in-situ 
STM characterizations in various ionic liquids show that the micelle-like adsorption 
of imidazolium cations running in perpendicular directions are general phenomena on 
Au(100) and the width of micelle-like structure is determined by both the length of 
alkyl side chain of cation and the lattice distance of surface: When the side chain of 
cation is short, the least appropriate lattice distance of surface is the dominant factor 
so that EMI+ and PMI+ have the same widths of micelle-like structures; when the side 
chain of cation is long, the length of chain is the dominant factor and thus the widths 
of micelle-like structures of BMI+ and OMI+ become larger and ionic size-related. 
3. The adsorptions of imidazolium cations on Au(111) and Pt(111) are studied by 
in-situ STM. Comparison between the results on electrodes of (100) and (111) reveals 
the generality as well as variety of adsorption behaviors of imidazolium cations on 
single-crystal surfaces. On one hand, imidazolium cations can form micelle-like 
adsorption structures on both of (100) and (111) electrodes and then protect the 















develop into perpendicularly-oriented domains on fourfold arranged Au(100), while 
into isotropically-oriented worm-like network on hexagonally arranged Au(111) and 
Pt(111). 
4. In-situ STM results show the influence of anions on the adsorption of cations 
in the systems of EMI+-based ionic liquids. Similar to the ionic liquids with BF4
- or 
PF6
- anions, the imidazolium cations form featured micelle-like adsorptive structures 
on Au(100) in [EMI][CF3SO3]. However, the (Tf)2N
- anions whose charge are 
highly-delocalized can strongly adsorb on Au(100) surface and severely disturb the 
formation of micelle-like adsorption of EMI+ and even destroy the as-formed ordered 
structures. 
5. The average barrier of electron tunneling and the corresponding potential 
dependence in the double-layer region are measured at the interface of Au(111) and 
[BMI][PF6] and [OMI][PF6], respectively. The results demonstrate the highest 
tunneling barrier near the PZC. When the cations start to adsorb on surface along with 
negative potential excursion, the barrier begins to decrease. This indicates the 
adsorptive cations might serve as the intermediate states for electron tunneling. 
Furthermore, the average barrier in [OMI][PF6] with longer alkyl side chain is much 
lower than that in [BMI][PF6], which may imply different mechanism of tunneling. 
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§ 1.1 “电极/溶液”界面双电层研究概况 
 
§ 1.1.1 界面双电层及传统研究方法 
(1) 界面双电层的定义 







累使得该界面类似一个电容器，如 Figure 1 所示，因而可以给出一个与电容器类
似的界面模型，在“电极/溶液”界面上的荷电物质和偶极子的定向排列即称为
双电层。一般说来，“电极/溶液”界面双电层包括以下几个部分[2]：金属电极侧





Figure 1. Capacitor-like “metal electrode/electrolyte” interface in which the charge of 
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